Introduction

M
anganese (Mn) is an essential nutrient for humans and animals. 1 The daily intake of Mn through diet is an essential source to maintain Mn at an adequate dosage in human body. Mn participates in normal amino acid, lipid, protein and carbohydrate metabolism, 2, 3 and plays an important role in skeletal system development, energy metabolism, nervous and immunological system function, regulation of cellular energy, bone and connective tissue growth and blood clotting. 3, 4 Deficiency of it can result in dermatitis, slowing growth of hair and nails, decreases in serum cholesterol levels and clotting protein levels. 4 Some patients with epilepsy, 5 Mseleni disease, Down syndrome, osteoporosis [6] [7] [8] and Perthes' disease 9 were observed to be characterized by low blood Mn levels. In experimental animals, Mn deficiency was also associated with impaired growth, skeletal defects and reduced reproductive function. 10 On the other hand, Mn is a toxicant when present at high concentration. 3 For humans, the main routes of exposure to relatively high level of Mn are inhalation of airborne Mn in occupational environment and consumption of water contaminated with Mn. [11] [12] [13] [14] Occupational Mn-exposed population often showed some symptoms of nervous system, such as tiredness, sleep disturbances, aggressiveness and behavioral disturbances. 11, 12 Children exposed to high levels of Mn through drinking water and sewage irrigation were observed to have a reduced intellectual function and slowed neurodevelopment. 13, 14 Animal studies suggest that exposure to repeated, high doses of Mn is deleterious to the developing fetus. Sanchez et al. 15 found that Mn induced the embryotoxicity, consisting primarily of reduced fetal body weight and an increased incidence of morphological defects. However, few epidemiologic data are available on the effects of Mn exposure in uterus on pregnancy outcomes, including birth size, a predictor of survival and developmental outcomes during childhood. 1, [16] [17] [18] [19] Recently, two studies 1,2 have provided some new findings concerning the relationship between Mn level and birth outcomes. One study was conducted by Vigeh et al. 2 They investigated 271 healthy pregnant women in Tehan, Iran, and observed that increased cord blood levels and cord blood/maternal blood ratio of Mn were associated with intrauterine growth restriction. Another was from Zota et al. 1 They investigated the association between maternal blood Mn concentration and infant birth weight in a cohort of 470 mother-infant pairs born at term (!37 weeks' gestation) in Oklahoma. They found an inverted U-shape relationship between maternal blood Mn and infant birth weight. These findings aroused our large interest.
Therefore, we conducted a cross-sectional study in Dalian, which included 125 pairs of mother-infant, from October 2006 to March 2007. We aim at investigating the association between maternal and umbilical cord blood Mn levels and size at birth (birth weight, birth length, head circumference and chest circumference), and the impact of environmental factors on Mn loads in maternal and fetal organisms. Mother-infant pairs were recruited immediately after hospitalization and birth. Exclusion criteria were as follows: (i) multiple pregnancy; (ii) any maternal history of illness involving the major organs before or during pregnancy; (iii) very premature births (delivery at <32 completed weeks or birth weight <1500 g) or (iv) delivery of an infant with a noticeable birth defect. 20 Information on gestational age, based on last menstrual period, ultrasonographic examinations and clinical estimation, along with characteristics of the birth and newborn, was extracted from the medical records. 1 The study was approved by the Human Subjects Review Committee of Dalian Medical University and the Ethical Committee of the No. 210 Hospital of the People's Liberation Army. All participating mothers gave written informed consent.
Methods
Subjects
Collection of mother and infant information
All mothers were physically examined and interviewed to complete a detailed questionnaire after admission. The self-administered questionnaire mainly included education background, history of reproduction, health status, drinking and smoking habits, source of drinking water and working and living environment. The potentially harmful occupational factors included any exposure to industrial dust, solder, decorating materials, chemical reagents, gasoline or gas. The sources of drinking water mainly included tap water and purified water. Anthropometric measures of the infants at birth were obtained form the hospital delivery records.
Collection and analysis of blood samples
Mother whole blood (MWB) samples were collected from their cubital veins when they were admitted for delivery to the maternity ward of the hospital, and umbilical cord blood (UCB) samples were collected immediately after clamping and before delivery of the placenta. All blood samples were stored at À80 C and, at last, transported to Shanghai Key Laboratory of Children's Environmental Health for analysis. Blood Mn concentrations (MWB and UCB) were determined using 200 mL of whole blood digested with a double volume of nitric acid using inductively coupled plasma-mass spectrometry (Model ICP-MS, Agilent 7500CE, Agilent Inc, USA). The concrete procedure had been detailed in our previous report. 20 Routine checks of accuracy and precision were accomplished using standard reference materials from the Kaulson Laboratories (CORTOX, HMB59311; West Caldwell, NJ, USA). In addition, 10% of the samples were assayed in duplicate.
Statistical analysis
Statistical analyses were performed with SPSS software (version 11.5, SPSS Inc., Chicago, IL, USA). The raw data of Mn concentrations in both MWB and UCB were skewed distributed. After being log- transformed, they were both normally distributed. Thus, the log-transformed values were often adopted in further analysis. Distributions of Mn concentrations in both MWB and UCB were described by arithmetic means and standard deviations, by lower, median and upper quartiles. Independent-samples t-test was used to compare log-transformed values of Mn concentrations in MWB with in UCB, and Pearson correlation analysis was used to explore the association between the two. The relationship between Mn concentrations in MWB and UCB and birth size was examined with curve estimation regression model to test the 'a priori' hypothesis of a curvilinear relationship (inverted U-shaped curve) fitting the quadratic equation Y = A + BX À CX 2 (where Y is a parameter reflecting birth size; X is MWB Mn or UCB Mn and A, B and C are constants). The relationship between Mn concentrations (log-transformed values) in MWB or UCB and environmental influencing factors was examined by multiple linear regression analysis. Significance was set at P < 0.05.
Results
The final cohort included 125 mother-infant pairs. The mothers aged, on average, 28.67 years old, and 83% of them delivered for the first time. Among the 125 infants, 3% were delivered at <37 completed weeks, but !32 completed weeks; the others were delivered at full term. The infants were, on average, 3.48 kg, 52.52 cm, 33.98 cm and 33.95 cm in weight, height, head circumference and chest circumference at birth, respectively. The detailed data are shown in table 1.
Mn concentrations in MWB and UCB
The mean and median value of Mn was 54.98 mg/L and 50.58 mg/L in MWB, respectively, and 78.75 mg/L and 77.20 mg/L in UCB, respectively. Mn concentrations in UCB were significantly higher than those in MWB (P < 0.01) (table 2). A significant positive correlation P: independent-samples t-test (using log-transformed values of Mn concentrations in MWB and UCB) Figure 1 Correlation between MWB and UCB Mn concentrations.
Note. Pearson correlation analysis: r = 0.38; P < 10 À3 (using log-transformed values of Mn concentrations in MWB and UCB) was shown between the two (r = 0.38; P < 0.01) (figure 1).
Comparison of our Mn levels in MWB and UCB with several other cities worldwide is displayed in table 3.
Effects of maternal and fetal Mn concentration on fetal development Table 4 illustrates the characteristics of the curve estimation regression models of Mn concentrations in MWB/UCB on birth size. There was a statistically significant curvilinear relationship between MWB Mn and head circumference and chest circumference, which fitted the quadratic equation Y = A + BX À CX 2 . This relationship was not statistically significant between MWB Mn and birth weight and height. There was a statistically significant curvilinear relationship between UCB Mn and birth weight, head circumference and chest circumference, which fitted the quadratic equation Y = A + BX À CX 2 . This relationship was not statistically significant between UCB Mn and birth height. Figures 2 and 3 illustrates the relationship between Mn concentrations in MWB/UCB on birth size in the form of scatterplot. When the quadratic relationship reaches significance, the regression curve between two parameters is shown an inverted U shape. Head circumference increased with MWB up to 60.62 mg/l, which was approximately at the 71st percentile of MWB in our cohort, and then decreased. Chest circumference increased with MWB up to 55.70 mg/l, which was approximately at the 60th percentile of MWB in our cohort, and then decreased (Figure 2 ). Birth weight increased with UCB up to 90.00 mg/l, which was approximately at the 67th percentile of UCB in our cohort, and then decreased. Head circumference increased with UCB up to 73.67 mg/l, which was approximately at the 44th percentile of UCB in our cohort, and then decreased. Chest circumference increased with MWB up to 92.50 mg/l, which was approximately at the 69th percentile of MWB in our cohort, and then decreased ( Figure 3 ).
Effects of environmental influencing factors on Mn concentrations in MWB and UCB
There was a significant difference in log-transformed MWB Mn level between mothers living close to major transportation routes during pregnancy and those living far away; the former showed a significantly higher Mn level than the latter (log-transformed value 1.78 vs. 1.65 mg/L, P < 0.05). Mothers exposed to harmful occupational factors during pregnancy also had significantly higher Mn levels than unexposed mothers (log-transformed value 1.80 vs. 1.69 mg/L, P < 0.05). There was no significant change in MWB Mn level in mothers grouped by other environmental factors (table 5) . On multiple linear regression analysis, the aforementioned two independent variables, living close to major transportation routes and exposure to harmful occupational factors during pregnancy, were positively associated with log-transformed values of MWB Mn (table 7) .
There was a significant difference in log-transformed UCB Mn level between mothers exposed to harmful occupational factors during pregnancy and unexposed mothers; the former showed a significantly higher Mn level than the latter (log-transformed value 2.00 vs. 1.84 mg/L, P < 0.01). There was no significant change in UCB Mn level in mothers grouped by other environmental factors (table 6). On multiple linear regression analysis, exposure to harmful occupational factors during pregnancy was positively associated with log-transformed values of UCB Mn (table 7) .
Discussion
Although the effects of Mn burden on fetal development and birth outcome have been documented in animal studies by nutritional toxicologists, literature on the relationship between Mn status and birth outcome in humans is sparse. 3 In our study, the mean concentration of Mn was 54.98 mg/L in MWB and 78.75 mg/L in UCB. Compared with the available data from other countries all over the world, our MWB Mn concentrations were 2-5 times of theirs and UCB Mn concentrations were 2-3 times of theirs. However, Xu et al. 21 recently reported their determined Mn concentrations in maternal and cord blood in another Chinese city, Shanghai, which was conducted simultaneously to our study. The mean value of Mn concentration in their study was 58.71 mg/L in MWB and 79.93 mg/L in UCB, showing similarity to ours. These results reported by Xu et al. and us basically reflected Mn burdens of the pregnant woman and fetus in urban areas of China. It indicated that the Mn burdens in the bodies of Chinese mothers and fetuses were at relatively high levels.
Many previous articles reported that Mn concentration of cord blood was higher than that of maternal blood.
1,2,21-32 Our results also showed that UCB Mn concentration was 1.4 times of MWB. The reason resulting in Mn concentration always being higher in cord blood than in maternal blood may be mainly attributed to the active transport of placenta on it. 32 Correlation analysis showed that there was a significant positive relationship in Mn concentrations between MWB and UCB. It suggested that to avoid excess exposure of fetus to Mn, the first step should be to prevent maternal excessive exposure to it.
In experimental animals, deficiency of Mn could induce impaired growth, skeletal abnormalities, impaired reproductive performance, congenital ataxia and defects in lipid, carbohydrate and growth factor metabolism. 10, 33 On the other hand, Mn overexposure could also lead to reduced fetal body weight, increased number of litters with abnormal limb flexures and increased number of litters and individual fetuses with skeletal malformations. 34 Recently, Zota et al. 1 reported their results of an investigation on association between maternal and umbilical blood Mn concentrations and birth weight in a cohort of 470 mother-infant pairs born at term in Oklahoma. An inverted U-shaped relationship was observed between maternal blood Mn concentration and birth weight. In our study, we also established quadratic models between MWB and UCB Mn concentrations and birth size. We have found this inverted U-shaped curve existing not only between MWB Mn and birth size but also between UCB Mn and birth size, such as birth weight, head and chest circumference. These results indicated that lower or higher Mn level in maternal blood or umbilical blood may be associated with lower birth size. P: independent-samples t-test. B, unstandardized coefficients; SE, B's standard error; , standardized coefficients; t, test of significance; P, two-tailed error probability. The factor, exposure to harmful occupational factors, was assigned value 1 = no, and 2 = yes. The factor, residential house close to major transportation route, was assigned value 1 = no, and 2 = yes. P: independent-samples t-test.
Although the main source of Mn to the general population is through diet, human excessive exposure to it is often from working and/or living environment. 35 Environmental Mn contamination has been demonstrated mainly from industrial emission. Excessive Mn sources from the primary anthropogenic activities such as ferroalloy production plants, iron and steel foundries, power plants and coke ovens, as well as re-entrainment of soils. 33, 36, 37 In our study, both univariate analysis and multiple linear regression analysis suggested that exposure to harmful occupational factors during gestation remarkably increased maternal and fetal Mn levels. Recently, Lin et al. 22 reported the results of an investigation in Taiwan. They found that cord blood Mn levels increased with the geographic density of petrol stations after adjusting for potential confounders. Our results showed that living close to major transportation routes (<500 m) increased the MWB Mn levels in univariate analysis and remained significant in the model of the influences of MWB Mn in multiple linear regression, supporting the results reported by Lin et al. These results indicated that some occupational and environmental exposures may be important risk factors that lead to increase in Mn level of mother and fetus.
Conclusions
In conclusion, the maternal and cord blood Mn concentrations in our studied population were relatively high, worldwide. There was a quadratic curvilinear association between MWB and UCB Mn concentrations and infant birth size, with UCB Mn concentrations being more relative to birth size. MWB and UCB Mn concentrations increasing with exposure to some environmental factors suggested that further research is needed to confirm the findings and to provide helpful information for prenatal care. 
Introduction
I
t is well known that individuals with low income and low education have higher mortality than individuals with high income and high education.
1 Public health care, however, may decrease social inequalities in mortality, as all individuals, independent of income and personal recourses, are given the same rights to health care. 2, 3 Infant mortality is one indicator of population health status, and high infant mortality is associated with low social and economical status of the family or the country. [4] [5] [6] Also stillbirth rates are reported to differ by social and economical conditions. [7] [8] [9] [10] [11] In developing countries, the rates are high, and many offspring deaths occur during delivery. 12 In many developed countries, a large decline in both stillbirth rates and infant mortality rates has been reported. 13, 14 Improvement of health care is likely to have played a major role in reducing fetal and infant mortality. [15] [16] [17] [18] [19] [20] If public health care is important in reducing social inequalities in offspring mortality, we would expect the inequality in mortality to be lowest in term pregnancies and during the hospitalization after birth. In this period, the offspring is most carefully monitored.
Our aim was to examine whether social disparity in offspring mortality varies during pregnancy or during infancy. Therefore, among all births in Norwegian women during 1999-2004, we estimated fetal death rates by duration of pregnancy and postnatal mortality by time after birth by maternal educational level.
Methods
Design
We performed a population-based follow-up study by using data from three Norwegian nationwide registries: the Medical Birth Registry, 21 the Education Registry 22 and the Central Person Registry. 23 
